There are several reports concerning the existence of immunoglobulin M (IgM) in fish eggs. Van Loon et al.1) have previously reported the existence of maternal immuno globulin in carp eggs. Bly et al.2) suggested the possibility of transfer of passive adaptive immunity from mother to young plaice Pleuronectes platessa. They immunized mother fish against rabbit red blood cells, and deteced hemaggluti nating substances in the eggs, one of which was characterized by immunoelectrophoresis to be IgM. Mor and Avtalion,3,4) also succeeded in detecting the transfer of immunity from the female parent to the eggs and embryos in tilapia. They found that antibody titers against porcine serum albumin in eggs peaked between 14 and 37 days after post immunization of mother fish, and were correlated with titers in the serum of mother .4) Castillo et al.5) detected and measured igM in the eggs of rainbow trout. These reports, however, did not touch upon the structure of the IgM molecules particular to eggs. This is important, as there is structural diversity of IgM even within the blood serum. 6,7) In fact, Fuda et al.8) reported the heavy chain of the main IgM in the eggs of chum salmon has lower molecular weight than plasma IgM. On the other hand, Hayman and Lobb9) revealed the molecular homogeneity of heavy and light chains between egg IgM and plasma IgM in catfish. Through the study of maternal immunity, we also found hat the carp egg IgM molecule is clearly different from .hat of plasma IgM. We report here on the results of cur experiments of the analysis of egg IgM in carp, using ;el filtration in combination with high performance liquid chromatography (HPLC) and Western blotting. were seen, while plasma type IgM showed clear bands mainly at fractions 18 to 20 (Fig. 6 ). The oocytes in this ovary were immature, and were mainly at the diplotene stage, although some were at the early yolk globule stage.
Discussion
The results of our study confirmed that carp eggs contain IgM, as has been reported by van Loon et al.,1) and similarly as in the cases of plaice,2) tilapia,3,4) rainbow trout,5) chum salmon,8) and catfish.9) When we used affinity purified antibodies, only the heavy chains of egg IgM could be stained as shown in Figs. 3 and 4 . On the other hand, when we used antiserum or purified, but not affinity purified IgG, a light chain was also recognized by Western blotting (data not shown), although cross reactions with other proteins could not be ruled out. Therefore, egg IgM was considered to be composed of heavy and light chains, similarly as with plasma IgM. However, we found that the egg IgM molecule is different from that of plasma IgM, at least as regards the molecular weights of the entire molecule and the heavy chain, as is the case with chum salmon. 8) The fact that the egg IgM heavy chain differs from that of plasma IgM raises the question as to whether the egg IgM is a real IgM. The antibody we used in this experiment is considered to have enough affinity and specificity against the IgM heavy chain for purposes of confirmation.
We raised antibody against highly purified carp IgM, and further purified anti-IgM IgG from the antiserum using affinity chromatography.
Specificity was confirmed to be extremely high, since only one band was detectable against blood plasma on Western blotting, although the antibody reacted only with the heavy chain of IgM. Therefore, the antibody can be said to have enough reliability to conclude that carp eggs indeed contain IgM.
We could not calculate the exact molecular weight of whole egg IgM, because clear egg IgM peaks could not be detected in the gel filtratiion pattern (Fig. 2) . However, the molecular weight may range from 300 to 500 kDa judging from the position of the peak fractions. This value is comparable to that of chum salmon egg IgM, 495kDa . Carp egg IgM has lighter heavy chains than does plasma IgM. Heavy chains of lower molecular weights in plasma IgM have been reported in channel catfish,10) and the sheepshead. 11,12) Molecular weights of these heavy chains are 56 kDa in catfish, and 45 kDa in sheepshead. In several other species, molecules which show affinity to protein A, i.e., those thought to be IgM, consist of several subunits, not only heavy chains and light chains, but also molecules having molecular weights between those of heavy and light chains, in the range of 50 to 54 kDa and/or 38 to 40 kDa. t 3> These observations show that the existence of low molecular weight heavy chains in fish may not be unusual. In addition to these reports on plasma IgM, lower molecular weight of egg IgM heavy chains at 51.5 kDa, is known in chum salmon.') Nevertheless, while the low molecular weight heavy chains in carp eggs differ from corresponding heavy chains in blood plasma or in the chum salmon egg, the molecular weight of carp egg IgM at 68 kDa is far more comparable to that of normal heavy chains at 75 kDa than to those of low molecular weight heavy chains mentioned in other reports. The heavy chain of carp egg IgM may be analogous to the heavier-type heavy chain isotypes reported by Lobb and Olson.7> On the other hand, Lobb and Clem 12,14) reported another type of IgM heavy chain in the bile of sheepshead. They showed that the bile IgM was not secreted from the blood plasma and considered that fish possess specific secretory immune systems. 14) The results of our study may be suggestive of such, although we do not have concrrrete evidence for discussion of the origin of egg IgM molecules. We are now examining the origin of IgM in consideration of other possibilities as well, such as enzymatic modifications, genetical alteration, and artificial degeneration in the process of extraction.
The results of ovarian IgM analyses indicate that the carp egg IgM is accumulated during the process of vitellogenin accumulation. Egg type IgM, i.e., low molecular weight heavy chains, was seen in both fully mature and maturing ovaries. However, oocytes at the early developmental stages contained only a small amount of the egg type IgM, in contrast to the large amounts contained in mature oocytes. Plasma type IgM was recognizable both in mature and maturing ovaries. This may be due to contamination by blood plasma and tissue fluid. IgM concentration in the blood plasma was extremely high, so that it was necessary to dilute it 75-fold in order to obtain good results on SDS-PAGE and Western blotting in analysis of blood plasma and egg extract mixture (Fig. 4) . A small amount of contamination by blood plasma and tissue fluid may cause clear bands on Western blotting, although we cannot completely deny the existence of a plasma type of IgM in the oocytes.
We could not evaluate the quantity of IgM in carp eggs. However, these amount are probably low, since the presence of IgM in eggs could only be demonstrated via Western blotting (which is highly sensitive), while immunoprecipita tion procedures failed (data not shown). This is in contrast to the hen egg, which contains a large amount of immuno globulin, around 20 to 25 mg/ml. 15> These facts suggest that IgM may not be of significance regarding the defence mechanisms of fish eggs and in larvae at the early de velopmental stages. However, there may have been some problems with the extraction technique, since fairly large amounts of IgM were detected by immunoprecipitation in the eggs of some fish species.") Hayman and B1y9) applied a dextran sulfate technique which was developed for hen egg IgY extraction. This is effective at least in some fish species including red sea bream (data not shown). De veloping a precise method of IgM analysis for each fish species is needed, since many fish contain only a small amount of IgM in their eggs, and egg composition varies widely among fish species.
We cannot discuss IgM levels in eggs and larvae in relation to antibody titers in the mother, since we did not use immunized mother fish. We are now analyzing the anti bacterial titers of the egg IgM from vaccinated mother fish in several fish species.
